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ANIMATION FRAMES AND ILLUSTRATIONS
Ocular Motility and Associated Eye Disorders
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INTRODUCTION
The purpose ofmy thesis is to create a multimedia interactive animation
computer program about the movements of the eye. The intended audience
will be medical students and first year residents in ophthalmology.
Duringmy first year ofgraduate school, I was introduced to many different
rendering techniques such as carbon dusting, color pencil, pen and ink and
back painting on wet media paper. Each of these different techniques has a
place in medical illustration. However, I decided to minor in computer
graphics because I was intrigued by the power and possibilities that the
computer offered. I took as many computer courses as would fit into my
schedule, and I began to think seriously of doing my thesis as a computer
animation program. I remember watching a second yearmedical illustration
graduate student, Franz Sugarman, working on his thesis. One element ofhis
thesis work usedMacromindDirector for animating red blood cells. I was
amazed at seeing animation on a computer monitor. Although Franz never
did use the animated red blood cells as part of his thesis, I credit him with
inspiring me to think of animation as a feasible mode of communication on
the Macintosh.
An ophthalmologist, Dr. JayWisnicki, at the hospital where I had
worked had mentioned a topic that was suitable for a thesis project on the
computer. It involved testing for eye disorders using the computer. I thought
about the references that I had seen about the eye and how they all seemed
static. Most of the atlases I looked at described the actions of the eye to try to
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convey the eye's motion to the reader. I thought that simple animated
sequences of the information could facilitate the learner's understanding and
also instill that information visually better than words could literally.
RESEARCH
During the summer of 1991 1 had the opportunity to observe strabismus
surgery on a child at Beth IsraelMedical Center in NewYork City. It was a
short operation, relatively speaking, which lasted for approximately one hour.
I watched as the medial rectus was cut and reattached further back along the
globe. The reattachment of the muscle allowed for less tension pulling on the
eye on the medial side by lengthening and loosening the muscle, thus
correcting the deviation of the eye from the normal position. This also
reduced the muscle's arc of contact and decreased the rotational force (torque)
of the muscle (Dale 1982, 8).
In the fall of 1991, at the StrongMemorial Hospital in Rochester, I was
able to observe another surgery for strabismus being performed. This time the
surgery involved reattaching the lateral rectus posteriorly along the globe.
The surgeon explained that the muscles were not necessarily misaligned, but
that the cause of the deviation could be due to the muscle receiving too much
innervation from the brain. It was more feasible to correct for the eye disorder
by operating on the muscle than it was to correct the disorder neurologically.
Observing the eye operations helped a great deal in understanding the
texture and color of living tissue. I was surprised at the color of the eye
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muscle. It was much pinker than I had thought. Most of the color atlases I
had seen depicted the muscle as a shade ofbrown. The muscles I had
dissected in gross anatomy were discolored from the formaldehyde and were
not suitable as color references. Unfortunately, it is also difficult to examine
the eye muscles in gross anatomy. Eye muscles are so small that they dry out
easily and are hard to dissect. Another fact that I encountered is that many
people who donate their bodies to science also donate their eyes. Observing
surgery was an invaluable experience, and I appreciated the information I
was able to attain from it.
As part ofmy research, I observed clinical tests for strabismus at Beth
Israel Medical Center, the hospital where I had worked prior to graduate
school. Even though I knew what to look for when a cover test or prism cover
test was being performed, I still found it hard to see the movement that was
occurring. The eye movement to deviate or fixate occurs rapidly. Often the
patient, usually a child, is also moving at the same time. I had the
opportunity to perform some of the tests for strabismus and had from that
experience a better understanding of the movements occurring.
ANATOMY
Before discussing the eye, it is important to describe the setting for the eye,
the orbit. The orbit is formed by seven bones and is a socket for the eyeball
(Nelson 1984, 3). The socket is a pear-shaped cavity directed posteriorly,
medially and upwardly
(Nelson 1984, 3).
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Superficially, the eye appears to be composed of two spheres with
different radii. The limbus, which forms the edge of the cornea where it joins
the sclera, is the junction of the two spherical segments (Kronfeld 1943, 4).
The cornea is the transparent anterior portion of the eye.
The human eye is a compound optical system that refracts (bends) rays of
light to focus on the retina. The refraction is dependent on the anterior to
posterior length of the eye (axial length), the corneal curvature and the power
of the lens (Nelson 1984, 20). The size of the adult globe is 24 mm in
diameter for the three main diameters: the sagittal, the transverse, and the
vertical (Nelson 1984, 1).
EXTRAOCULAR MUSCLES
The globe is rotated by six extraocularmuscles. There are four rectus muscles
and two oblique muscles. The four rectus muscles originate at the orbital apex
from the annulus ofZinn (Clemente 1987, 664). The annulus ofZinn is a
funnel-shaped tendinous ring enclosing the optic foramen and the medial end
of the superior orbital fissure (Dale 1982, 1).
Each rectus muscle approaches the eyeball posteriorly, tangent to the
globe, and follows the curvature of the globe over an arc ofcontact (Kronfeld
1943, 4). The muscle's arc of contact is the distance from where the muscle
first touches the scleral surface to the point at the center of the muscle's
anatomical insertion (Dale 1982, 7). As the globe rotates, the arc ofcontact of
each muscle either lengthens and shortens. During the muscle's relaxed state,
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the arc ofcontact is at its longest length. During contraction of the muscle,
the arc of contact decreases to the shortest length (Dale 1982, 7).
The insertion of the medial rectus is 5.5 mm from the limbus; the inferior
rectus is 6.5 mm from the limbus; the lateral rectus is 6.9 mm and the
superior rectus is 7.7 mm (Helveston 1985, 44). The lengths of the tendons in
the same order are 3.7, 5.5, 8.8 and 5.8 mm (Helveston 1985, 46). The rectus
muscles are approximately 40 mm long and 9.5 to 10.5 mm wide at the point
of insertion into the sclera (Nelson 1984, 10).
The eye muscles can be paired in three sets according to their
antagonistic action. For example, the superior rectus contracts to move the
eye up, and the inferior rectus contracts to move the eye down (Porth 1990,
1002). The medial rectus adducts the eye whereas the lateral rectus abducts
the eye. The superior oblique intorts the eye whereas the inferior oblique
extorts the eye. When one muscle is contracted, the antagonistic muscle is
relaxed. The primary position of gaze is achieved when the gaze is directed
forward with the head held in a forward looking position (Porth, 1990, 1004).
Both visual axes are parallel (Dale 1982, 54). The eye is then in primary
position.
The Medial Rectus and the Lateral Rectus
The medial rectus originates from the annulus ofZinn below the optic
foramen, and passes along the medial orbital wall to insert into the sclera on
the medial side of the eye (Dyer and Lee 1984, 11).
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The medial rectus is responsible for adduction and a horizontal inward
rotation. When the visual axis is directed above the horizon, the medial rectus
aids in elevation. When the visual line is below the horizon, the medial rectus
aids in depression of the globe (Dale 1982, 10).
The lateral rectus originates from the lower and upper parts of the
tendinous ring. The lateral rectus passes forward along the lateral orbital
wall, turns inward towards the globe and crosses over the insertion of the
superior oblique muscle to insert into the sclera (Dyer and Lee 1984, 11).
The lateral rectus causes abduction and an outward rotation (Dale 1982,
12). This muscle also aids in elevation and depression.
Superior Rectus and Inferior Rectus
The superior rectus muscle originates from the upper part of the annulus
ofZinn, lateral to and above the optic foramen (Dyer and Lee 1984, 12). The
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origin of the superior rectus is nasal to its insertion on the globe. The
insertion of the superior rectus into the upper sclera is oblique such that the
muscle insertion is nearer to the cornea nasally than temporally (Dyer and
Lee 1984, 12).
When the eye is in primary position, the superior rectus forms an angle of
approximately
23
with the globe's y axis (Gonzalez 1983, 74). Contraction of
the superior rectus in the primary position elevates and also adducts and
intorts the eye (Dale 1982, 12). When the eye is abducted 23, the action of the
muscle is strictly elevation (Gonzalez 1983, 74).
The inferior rectus muscle originates from the lower part of the annulus
and is the shortest of the rectus muscles. It passes forward along the orbital
floor, making an angle of
23
with the y axis as it inserts inferiorly into the
sclera. The inferior rectus muscle acts to depress the eye. As the eye is
increasingly adducted, the inferior rectus becomes less a depressor and more
of an adductor and extorter (Dale 1982, 12).
Superior Oblique and Inferior Oblique
The superior oblique originates medial to and above the optic foramen,
and it attaches to the sclera on the upper outer quadrant of the eye behind
the equator (Nelson 1984, 11). The trochlea is a curved plate ofcartilage
forming a short tube, perpendicular to the line ofpull of the superior oblique.
The trochlea is suspended from the orbital wall by fibrous strands. As the
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superior oblique enters the trochlea, the muscle blends into tendon and bends
sharply through the trochlea, travelling posteriorly, inferiorly and laterally
towards the annulus (Kronfeld 1943, 31). The round tendon becomes flat as it
approaches the eyeball, and passes underneath the superior rectus muscle to
insert into the sclera (Kronfeld 1943, 31).
In the primary position, the muscle plane of the superior oblique forms an
angle of
51
with the y axis (Dale 1982, 12). Intorsion is the primary action of
the superior oblique in primary position. The secondary actions are
depression and abduction. When the eye is adducted 51, the horizontal x axis
is rotated, and the superior oblique acts to depress the globe (Dale 1982, 12).
The inferior oblique originates from the orbital wall below the fossa for the
lacrimal sac, and turns backward and lateral close to the floor of the orbit
(Clemente 1987, 664). After crossing the inferior rectus, it comes into contact
with the globe and inserts into the sclera. The inferior oblique is the only
muscle originating from the anterior part of the orbit from a depression in the
orbital plate (Nelson 1984, 12). It passes below the inferior rectus muscle to
insert into the posterolateral aspect of the sclera (Nelson 1984, 12).
The inferior oblique in the primary position makes an angle of
51
with
the y axis. The primary action is extorsion, and the secondary actions are
abduction and elevation. When the eye is adducted
51
nasally and
horizontally, the x axis is also rotated and is perpendicular to the fine of pull
of the inferior oblique muscle (Nelson 1984, 12). The primary action of the
Ocular Motility and Associated Eye Disorders
inferior oblique muscle in this position is elevation. If the eye is abducted 39,
and the y axis is perpendicular to the muscle, extorsion is the primary action
(Nelson 1984, 12). The secondary action for this muscle is abduction.
LISTINGS PLANE WITH FICK'S AXES
The Plane ofListing is a frontal plane which passes through the eye's rotation
point (Gonzalez 1983, 73). It coincides with the equatorial plane of the eye in
primary position (Gonzalez 1983, 73).
The center of rotation is approximately 13.5 mm behind the eye. The eye
rotates around three major axes known as the axes ofFick, the horizontal (x),
vertical (z) and torsional (y) (Dale 1982, 5). See diagram 1.
The x axis runs horizontally through the eye, and a vertical movement
occurs around this transverse axis (Helveston
1985, 48). Thus, elevation and depression of
the globe occur around the x axis.
The y axis goes through the pupil and runs
anterior to posterior. Torsional movements
occur around this sagittal (anteroposterior)
axis (Helveston 1985, 48). A torsional movement may
Diagram 1
be described as a clockwise or counterclockwise rotational movement.
The z axis goes through the eye vertically. Medial and lateral movements
occur around the z axis (Helveston 1985, 48).
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EYE DISORDERS
Strabismus is a synonym for squint. There is an abnormality of eye
coordination resulting in a loss ofbinocular eye alignment (Porth 1990, 1004).
The foveas ofboth eyes are not simultaneously aligned on an object. There is
amisalignment of the visual axes in the primary position of gaze (Gonzalez
1983, 1). As a result, the visual image is not focused on corresponding points
of the two retinas (Porth 1990, 1004).
Strabismus can be classified according to the direction of the deviation,
with terms for each direction of deviation. Eso-deviation is when the visual
axes converge; exo-deviation is divergence of the visual axes.
Differences in vertical direction of the visual axes are either hyper- or
hypo- deviations, depending on if the eye referred to is higher or lower than
the other one (Von Noorden 1985, 38).
Strabismus can be paralytic (incomitant), or nonparalytic (concomitant)
(Porth 1990, 1005). Incomitant strabismus occurs when there is a weakness
or paralysis of an extraocular muscle, and the angle of deviation varies with
the direction of the gaze (Porth 1990, 1005). Concomitant strabismus occurs
when there is no primary muscle impairment, and the angle of deviation is
constant whatever the position of gaze (Porth 1990, 1005). Concomitant
strabismus may be due to congenital syndromes, trauma or tumors (Gonzalez
1983, 2).
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DIFFERENT TYPES OF DISORDERS
Heterotropia is a disorder whereby one eye is not fixating on the object. Using
the cover test, one sees that when the fixating eye is covered the deviating eye
will take up the fixation, but there is no movement of the fixating eye when
the deviating eye is covered (Von Noorden 1985, 38). In this manner, tropias
such as eso- and exotropia, may be tested. Heterophoria is a disorder whereby
both eyes fixate and appear normal until a cover-uncover test is done over
each eye (VonNoorden 1985, 42). The eye that is covered deviates.When the
cover is removed, a fixating movement is seen for that eye.
MEASUREMENT OF STRABISMUS
In the Hirschberg test, a penlight is directed at the patient's eyes near the
center of the pupil (Von Noorden 1983, 44). The deviation of the light reflex
from the normal area of the pupil gives an indication of the degree of
deviation. If the fixation light is 33 cm from the patient, then 1 mm of
deviation equals 7 degrees ofocular deviation (Von Noorden 1983, 44).
The prism cover test uses prisms in addition to the alternate cover test to
measure the amount of deviation.When the strength of the prism equals the
deviation, no fixational movement will be seen for that eye (Von Noorden
1983, 48).
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DIAGNOSTIC POSITIONS OF GAZE
In a newborn baby, the eyes move independently of each other because there
is not enough mental ability to attempt or maintain fixation (Gonzalez 1983,
4). It is approximately two to three weeks after birth before an infant can
direct his sight to a specific object (Gonzalez 1983, 4). Focusing on an object
requires attention and interest in the object.
Gaze is the act of looking in one direction. Smooth pursuit movements
occur when the eyes follow a moving object such that the object is kept at a
fixed point in the center of the visual fields ofboth eyes (Porth 1990, 1004).
Versions describe the eyes moving from the primary position in a parallel
manner. This can be tested by having the patient follow a slow moving object
in front ofhis eyes (Gonzalez 1983, 75). For example, dextroversion describes
the direction of the gaze to the right. Levoversion describes the direction of
the gaze to the left. Vergences define the state where the eyes lose their
parallelism (Gonzalez 1983, 75). For example, convergence occurs when each
eye moves medially. Divergence occurs when each eye moves laterally.
Hering's Law of Innervation states that both eyes move as one organ
because the eye motor system is sending the same impulse simultaneously to
both eyes (Gonzalez 1983, 75).
Groups ofmuscles in both eyes work together to move the eyes in the
same direction (Gonzalez 1983, 76). For example, the abductors in the right
eye will work with the adductors in the left eye so that both eyes look to the
13
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person's right (Gonzalez 1983, 76).
The patient's eye muscles can be examined by asking the patient to
follow a moving object with his eyes. The angle of any deviation may be
observed to see if it changes with the direction of the gaze. If the angle of
deviation changes, then this is an incomitant strabismus (Von Noorden
1983, 18).
If an object is placed in front of a person (at his eye level and in the
midplane of his head) and if the person focuses on the object binocularly,
then the image is on matching areas ofhis retinas (Von Noorden 1983,
18). If the person's eyes are functioning normally, then the two identical
images will be perceived as one object (Von Noorden 1983, 18).
"
The fovea is the seat of the principal visual direction
but this is not fixed until visual maturity arrives at about age 7
years. The visual direction of each fovea corresponds to the
direction in space of the object of regard. Once the two normal
foveas have attained the same visual direction, the rest of the
retinal receptors in each eye will pair in a functional
corresponding (Gonzalez 1983, 6).
14
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ART- PLANNING
During the Spring Quarter, I started researching the computer applications
that I would need to create a teaching tool about the eye. Although my thesis
topic was still vague, I had a list ofcriteria that it had to follow. I wanted the
thesis to be an innovative teaching tool, to be functional as well as
aesthetically pleasing. The thesis must also be interactive to enhance the
learning experience.
Needless to say, the form ofmy thesis was clearer than the outline of the
actual information I wanted to show. The biggest difficulty in beginning the
thesis was having to decide whether I should do the research first or whether
I should learn the software applications so that I at least knew that the
software could
"handle"
what I wanted to do. If this had not been a
computer-oriented project, I would without hesitation say that the research
should always be done thoroughly before beginning the project. However, it
was a dilemma because I didn't want to be at a point where I had finished
research only to find that I couldn't
"process"
the information the way I
wanted to. The solution was a compromise. I decided that creating a prototype
of the animation that I wanted to show would be enough to reveal any
limitations of the software applications.
Since I did not know how to use any of the programs that I needed before
starting on my project, I taught myself the
software applications whenever I
had time. I experimented with the animation capabilities inMacromind
Director. The firstMacromind File I created showed a rabbit hopping across
15
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the screen. The three software programs that I decided to try to use for
creating the thesis were Swivel 3D, Adobe Photoshop andMacromind
Director. Swivel 3D is a three dimensional modeling application. Adobe
Photoshop is a photo retouching software application which I used as a paint
program. All the images that I created and painted would eventually be
imported as PICT images intoMacromind Director.
PROCESS
Had I known the amount of time that I would spend on this and the enormity
of this project, I would have been too intimidated to even start it. As it was,
each step built upon what I had created previously.
I made a model of the eye in Swivel 3D and then used the tweening
capabilities in it to create many different views of it in perspective. Swivel
gives the eyes a mechanical feel.What I wanted was something that could
only be achieved through another software application, Adobe Photoshop. I
imported the different perspective views into Adobe Photoshop as pict images
and airbrushed the eyes. The prototype that I created showed a rotating pair
of eyes with the muscles attached. I wanted to show the anatomy of the eye
with the muscles attached because this was integral to understanding ocular
motility disorders. In the prototype, the eyes looked up, down, left and to the
right. I was pleased with this initial animation because I had thought it
would be much harder to create.
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OcularMotility andAssociated Eye Disorders can be catalogued into five
sections of study. It can progress linearly or nonlinearly according to the
viewer's needs. I used scripting to customize the menu to the program so that
the viewer can access any part of the program using the menu or the blue
control panel on the left side of the interface panel. I did not develop the gray
interface panel until I had all the illustrations imported into Macromind
Director. All my images were floating on the screen because layout was the
last concern on my mind. This was until I realized that the images demanded
a grid or at least some type of organization. I looked at all the illustrations I
had and saw that some images would need a horizontal setting while others
needed a vertical orientation. Thus, I created two similar interface panels
that could accommodate these images.
COMPUTER PROGRAM SEQUENCES
Section 1- Anatomy
The opening frame is an enlarged view of the eye in the orbit that is used
later in the program. Upon playing the program, there is music accompanying
the opening frame. The cover (Figure 1) segues into text teaching the viewer
how to use the program. The first part teaches the viewer the anatomy of the
eye muscles and their relationship to each other on the globe (Figure 2).
The skull was a difficult image to create because it was one of the first
images I've ever tried to draw using a mouse. I remember sitting with a
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plastic skull and trying to render it correctly. The first skull I drew was a
front view and looked like the image used in Terminator 2- a blue metallic
looking skull. It was gimmicky because it was attention grabbing, but showed
no information of the eye. The skull from a three quarters view worked better
because I was able to show more orientation for the eye muscles. The frame
after Figure 2 shows the skull in gray scale with an eyeball in the orbit. The
frame of the gray scale skull transitions into a frame showing the labels for
the eye muscles.
I then placed an eye in the orbit to show the relationship between the eye
and the orbit. I decided to focus attention on the eye by creating the skull in
gray scale and leaving the eye in color. Later, after learning Photoshop as
part of the medical illustration curriculum, I was able to use the opacity
setting under paste controls tomake the eye transparent. The frame after the
gray scale skull with identified muscles shows the front view of the eye with
the spiral ofTillaux. The spiral ofTillaux is an imaginary spiral that is
formed by connecting the lines of insertion on the eye of the rectus muscles.
The next sequence of frames shows a closeup of the upper left part of
the face, specifically the left eye. I captured this image by photographing my
friend with a Canon Xapshot still video camera (Figure 3). I then edited
different versions of this file by illustrating layers of the anatomy beneath the
skin to ultimately reveal a clean front view of the eye in the orbit (Figures 4, 5
and 6). Clicking on the face in Macromind Director reveals the underlying
anatomy. I chose to include this because the use of still video is relatively
18
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new. I did not know anyone who used a still video camera formedical
illustration, and I thought it would be an interesting touch to combine
illustrations with still video photography. Another attractive feature of still
video photography is that it can be converted to digital so that it can be
worked on in the Macintosh. This was an important time-saving feature for
me, since I hadn't thought of including a front view of the face until two
weeks before the thesis opening.
Section 2- Axes
The next frame shows a nasal view of the eye with the muscles attached and
an eyeball with defined axes: vertical (z), sagittal (y) and transverse (x)
(Figure 7). Any one of the axes can be selected to show how the eye rotates
accordingly. I scripted this frame so that when the viewer selects an axis, the
axis changes to the color that corresponds to the text color for that axis. The
viewer can look at the eye and guess which axis is which and then select an
axis to see the eye rotating. The color change of the axis indicates whether it
is the vertical, sagittal or transverse.
Section 3- Ocular Motility
The next sequence of frames teaches the viewer how eachmuscle acts upon
the eye. There is a lead in frame whereby any one of the sixmuscles in either
the front or top view of the eye may be selected for information about that
particular muscle. The same muscle can be selected again to see an animation
19
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of the muscle's affect on the eye. Thus, the viewer can see how the eye moves
in top view and also see how it moves in the front view according to the
muscle's action (Figure 8). The superior view of the eye is shown surrounded
by the orbit. I like the concept of the top and front view moving in
synchronicity, but I had to compromise speed to accommodate color. Color
significantly enlarges file size and therefore hampers the speed of the
animation. This is noticeable in the muscle action animation sequences.
Section 4- Diagnostic Positions of Gaze
By now, the viewer should have a good idea of how the muscles act upon the
eye. The next sequence of frames simulates a clinical setting in allowing the
viewer to test the computer patient's vision. The references for the face came
from magazine pages showing female models. This image was problematic
because I wasn't sure how much of the face had to be shown. At one point, I
illustrated the face as far down as the lips until I realized that showing more
of the face detracted from the focus on the eyes. I decided to illustrate just
the top half of the face to keep the attention on the eyes.
First, the viewer can examine the patient's positions ofgaze to make
sure that all the muscles are working properly. One of the frames allows the
viewer to move an object (a duck) to test the patient's binocular vision. The
duck in Macromind terminology is a puppet sprite. A puppet sprite is an
object thatmay be moved in real time by controlling its movement using the
mouse. There is a diagram showing which muscles are responsible for the
20
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directional movement and gaze. The blue control panel has a fist ofoptions
previously not available. The viewermay select any term on the blue buttons
to see what action is defined by it. For instance, if the viewer selects
dextroversion, the patient's eyes will look to the right. I placed a transitional
blink of the eyelids after the completion of each action to keep the actions
separate from each other. Under the controls menu, there is a glossary option
of all these terms to reinforce learning.
Section 5- Clinical Examinations
After the binocular fixation test, the viewer can test the patient for
strabismus using the cover test or prism cover test (Figure 9). The cover is
also a puppet sprite. Thus, the student is presented with a patient who has a
right exotropia and must move the cover over the fixating eye to see what
happens to the deviating eye. The deviating eye takes up the fixation. The
student can also test for esotropia of the right eye.
The next examination uses the alternate cover test to test for latent
phoria. The cover is placed alternately over each eye several times to
dissociate the eye so that binocular fixation is impossible. This test shows the
maximal deviation of the eyes. There is no apparent deviation because both
eyes are focused straight (in the primary position). However, if the viewer
dissociates the eye by moving the cover over one eye, that eye deviates
underneath the cover. This deviation can be seen by moving the cover over
the other eye, the previously covered eye then moves to take up
fixation.
21
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The prism cover test is a test tomeasure the extent to which the eye is
deviating. The prism strengths are measured in diopters. The viewermust
read the text before he/she can successfully perform this exam on the patient.
There is no easy way to understand the logistics of the eye movements during
the exam unless the student performs the test several times. This is similar to
a clinical setting where the doctor must perform the cover test several times
to be sure of the actions happening. Due to the rapidity of the eye movements,
it can be difficult to see what is happening unless the student knows what to
look for. I decided that this test was too complicated to be performed solely by
puppet sprites. I scripted the sequence so that when the cover is selected, it
automatically performs the alternate cover test to dissociate the binocular
fixation. The cover first covers the patient's left eye and then the right eye.
The viewermay then select a prism to place over the right eye but beneath
the prism. When there is no fixational movement of the right eye underneath
the prism, that prism strength corresponds to the amount of deviation for that
patient's eye.
A problem that I soon realized withMacromind Director is that the paint
program in it is too crude for fine tuning illustrations. Any revisions, however
slight, had to be made in Adobe Photoshop and then imported again into the
animation program. I also discovered that the illustrations looked better if
they were created as 24 bit images even
though Macromind 2.0 converts them
into 8 bit color upon importing.
22
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FILE INFORMATION
The entire file when I was finished with the thesis was 2 megabytes. To play
the program, theMacintosh system must have 8 megabytes of ram and at
least 6 megabytes free in the hard drive. The largest image in the program in
terms of dimension and memory is the cover which is approximately 500k and
9 by 7 inches (the size of the screen). I originally had this as a stretched
image in Macromind Director which kept the size of the file smaller but also
increased the program's time in calculating the frame, thus slowing the
animation. I have approximately 40 to 50 cast members. Each frame utilizes
all the channels (layers) available in Macromind. The frames showing the top
view and front view of the eyes moving have approximately 24 objects moving
simultaneously in each frame.
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CONCLUSION
When I first started this thesis I had no idea that it would become this
"monster"
that kept growing and developing. Every time I thought that
something was finally rendered, I kept wanting to go back and make further
adjustments. This project was extremely challenging for a number of reasons.
I was learning software applications that had amazing potential, and I could
create and animate practically anything without much limitation. I knew that
I enjoyed using the computer as a tool for creating art. I almost did not mind
the hours that I spent working on my thesis. I am pretty happy with Ocular
Motility andAssociated Eye Disorders. It is the most time consuming art work
that I have ever created, befitting for a thesis.
I enjoy seeing people's reactions to it upon viewing it for the first time.
Although there are a few software programs about medicine, some even
interactive, none of these programs have the color graphics that I thought
were important for a user friendly teaching tool. I think that I have
accomplished my goal of an aesthetically pleasing teaching tool when during
the thesis show, I saw that adults were learning from the program as well as
enjoying it for the art and interactivity alone.
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Figure 3: Upper left corner- a Xapshot photograph of the left eye.
Figure 4: Upper right corner- the skin is dissected out.
Figure 5: Lower left corner- the conjunctiva is partially removed.
Figure 6: Lower right corner- the eye with the extraocular muscles is revealed.
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